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moter or inhibitor of apoptosis will be important for the
improved design of cancer therapies.
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Development: A New Look
at an Old Observation
During skin development, the single-layered surface
ectoderm covering the mouse embryo must initiate
stratification and terminal differentiation to develop a
functional epidermis. A recent article by Lechler and
Fuchs in Nature (Lechler and Fuchs, 2005) suggests
that these events are triggered by asymmetric cell di-
vision.
Asymmetric cell division, a process by which two
daughter cells acquire different cell fates, has been
widely studied in organisms such as Drosophila mela-
nogaster and Caenorhabditis elegans (Roegiers and
Jan, 2004). However, a PubMed search reveals that only
a few examples of asymmetric cell division have been
documented in mammals. Asymmetric cell division is
frequently, though not always, associated with apical-
basal cell division. Such apical-basal cell divisions were
initially observed in the developing epidermis over three
decades ago in a landmark paper by Smart (Smart, 1970).
During early stages of epidermal morphogenesis, when
the developing epidermis is still single-layered, lateral
cell divisions prevail. The subsequent onset of stratifi-
cation is associated with a rotation of the plane of cell
cleavage resulting in apical-basal divisions (Figure 1A).
These initial asymmetric cell divisions give rise to cells
in the intermediate cell layer. Like cells in the basal
layer, cells in this layer proliferate; however, the mitotic
orientation is mostly lateral (Figure 1B). Suprabasal pro-
liferation only occurs during a short developmental win-
dow, and is believed to be essential to accommodate
the rapid expansion of the surface area of the mouse
embryo. During later stages of epidermal development,
intermediate cells mature into postmitotic spinous cells
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(nd consequently, proliferation becomes restricted to
he basal layer. Since the two daughter cells of the api-
al-basal divisions in the basal layer adopt different
evelopmental fates, it has been proposed that asym-
etric cell division is essential for the initiation of strati-
ication during epidermal morphogenesis.
The Fuchs laboratory has now used elegant trans-
enic mouse models to determine the distribution of
roteins associated with asymmetric cell division in the
eveloping epidermis (Lechler and Fuchs, 2005). To iden-
ify genes that are involved in controlling spindle orienta-
ion, which is ultimately responsible for the plane of cleav-
ge, the authors took advantage of extensive studies in
rosophila. In Drosophila neuroblasts, a protein com-
lex composed of Bazooka/Par3, atypical protein ki-
ase C (aPKC)/PKCζ, and Par6 localizes to the apical
ortex and recruits the adaptor proteins Inscuteable
nd Partner of Inscuteable (Pins)/LGN. The apical local-
zation of Inscuteable not only regulates spindle orien-
ation, but is also responsible for the asymmetric lo-
alization of cell-fate determinants. While mammalian
omologs of Bazooka/Par3, aPKC/PKCζ, and Par6 had
een identified, the mammalian homolog of Inscuteable
ad remained elusive. Now, Lechler and Fuchs de-
cribe the characterization of the mouse homolog of
nscuteable, mInsc, and find that protein complexes
ontaining LGN, mInsc, and Par3 localize to the apical
ortex of perpendicularly dividing basal cells (Lechler
nd Fuchs, 2005). Furthermore, the authors found that
uMA, a protein that interacts with LGN and is required
or spindle organization during mitosis, was asymmetri-
ally localized. It has been proposed that the cortical
ocalization of NuMA contributes to spindle orientation,
ossibly by regulating the attachment of aster microtu-
ules to dynein-dynactin complexes (Du et al., 2001).
n support of this hypothesis, unequal distribution of
ynein-dynactin pulling forces has been shown to re-
ult in asymmetric cell division in C. elegans embryos
Grill et al., 2003). Interestingly, Lechler and Fuchs now
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445report that a dynactin subunit (p150glued) colocalizes
with NuMA in asymmetrically dividing basal cells
(Lechler and Fuchs, 2005). The apical distribution of dy-
nein-dynactin pulling forces may not only control spin-
dle orientation, but also spindle position. In analogy
with studies in Drosophila and C. elegans, this may re-
sult in an eccentrically positioned mitotic spindle caus-
ing the formation of two daughter cells of unequal size,
with the Par3/Par6-containing cell being the larger of
the two. Consistent with this hypothesis, it has been
found that postmitotic differentiating keratinocytes in
mature epidermis are larger than basal cells (Rowden,
1975). However, whether this is also the case for keratino-
cytes in the developing epidermis remains to be deter-
mined. Intriguingly, these data would suggest that in
the developing epidermis, two mechanisms of generat-
ing unequal daughter cells are employed simultaneously.
First, asymmetric cell division gives rise to two daugh-
ter cells with different developmental fates, and sec-
ond, asymmetric pulling gives rise to two daughters of
different size.
Taken together, these data provide the first in vivo
evidence that proteins involved in asymmetric cell divi-
sion in invertebrates are also associated with asymmet-
ric cell division in mammalian epidermis. Furthermore,
this is the first in vivo study implicating NuMA and the
dynein-dynactin complex in mammalian asymmetric cell
divisions. Whether any of these components actually
cause asymmetric cell division, or whether the asym-
metric distribution of these components is merely a
consequence of other signals that trigger asymmetric
cell division, could by addressed by determining whether
ectopic expression of these components can cause
asymmetric cell division. Furthermore, whether the
mechanism by which the two daughter cells acquire
different cell fates is also evolutionarily conserved re-
mains an open question. In Drosophila neurogenesis,
the developmental fates of the daughter cells are deter-
mined by the asymmetric distribution of cell fate deter-
minants, a process which is partially orchestrated by
Inscuteable. While this mechanism may be conserved
in mammalian epidermis, asymmetrically distributed
cell fate determinants remain to be identified in this
context. Alternatively, as proposed by Seery and Watt
for esophageal epithelia, it is conceivable that the api-
cal cell initiates a terminal differentiation program as a
consequence of losing contact with the basement mem-
brane (Seery and Watt, 2000). However, in the epi-Figure 1. Mitotic Figures in Developing Epidermis from a Mouse at
15 Days of Gestation
Cells in the basal layer of developing epidermis undergo apical-
basal cell divisions (A), giving rise to cells in the intermediate layer,
which divide laterally (B). Reprinted with permission from (Smart,
1970).Figure 2. Cells expressing keratin 1 (K1), a marker of terminal differ-
entiation, can be detected in the basal layer of mature human epi-
dermis, indicating that neither loss of contact with the basement
membrane nor apical-basal cell division is absolutely required for
terminal differentiation.dermis, neither loss of contact with the basement
membrane nor apical-basal cell division is absolutely
required, since cells expressing markers of terminal dif-
ferentiation can be detected in the basal layer of both
mature human (Figure 2) and mouse epidermis (Huit-
feldt et al., 1991).
Intriguingly, even after asymmetric cell division has
occurred in the developing basal layer, the cell fate of
the resulting suprabasal cells differs depending on the
developmental stage. For example, during early stages
of epidermal stratification, the suprabasal daughter cells
of asymmetrically dividing basal cells maintain their prolif-
erative potential. However, during later stages of epider-
mal stratification, asymmetric cell division in the basal
layer results in the formation of a postmitotic supraba-
sal cell. These differences in cell fate of suprabasal ker-
atinocytes clearly demonstrate that, while asymmetric
cell division is responsible for the onset of stratification,
subsequent differentiation of keratinocytes is under the
control of a different molecular mechanism.
While the downstream effectors of asymmetric cell
division in the developing epidermis remain unknown,
Lechler and Fuchs took advantage of previously gener-
ated mouse models to gain insight into the upstream
events that control asymmetric cell division (Lechler
and Fuchs, 2005). As predicted, they found that asym-
metric cell divisions do not occur in p63−/− epidermis,
which never stratifies. However, whether p63, a tran-
scription factor shown to be a master regulator of com-
mitment to stratification (Koster et al., 2004), induces
expression of any of the asymmetrically distributed
components remains to be determined. More interest-
ingly, they found that in β1-integrin knockout epidermis,
which fails to assemble a basement membrane, LGN-
mInsc crescents display a random localization, while
LGN-mInsc crescents failed to form altogether in the
absence of α-catenin. In both cases, the aberrant local-
ization of LGN and mInsc resulted in randomly oriented
mitotic spindles. These data support a role for β1-integ-
rin and α-catenin in directing asymmetric cell division;
however, the molecular mechanisms by which β1-integ-
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and spindle orientation remain to be investigated.
A final question that remains is whether similar asym-
metric cell divisions are involved in stratification in ma-
ture epidermis. Lechler and Fuchs suggest that this is
the case based on their observations that the majority
of cell divisions are perpendicular in mature epidermis
(85%) (Lechler and Fuchs, 2005). However, perpendicu-
lar cell divisions were found to be rare in adult epider-
mis (6%) in the previous study by Smart (Smart, 1970).
The reason for this discrepancy is unclear. However, it
should be noted that asymmetric cell division, defined
as a cell division resulting in two daughter cells with
different fates, could still occur in laterally dividing
cells. In mature epidermis, it is well-accepted that epi-
dermal stem cells give rise to transit amplifying (TA)
cells through asymmetric cell division. These TA cells
undergo a few rounds of cell division before perma-
nently exiting from the cell cycle and initiating terminal
differentiation. While it is possible that TA cells exclu-
sively undergo symmetric cell divisions, giving rise to
either two TA cells or two postmitotic cells, TA cells
may also undergo asymmetric cell division to give rise
to one daughter TA cell and one postmitotic cell (Pot-
ten, 2004), and this could occur laterally (Figure 2). Re-
gardless of whether these divisions occur laterally or
perpendicularly, the asymmetric distribution of LGN-
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SInsc in adult epidermis suggests that a similar pro-
ess controls asymmetric cell divisions in both de-
eloping and mature epidermis.
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